The heats of solution in H CI, 26.61 H 2 0 of e ig ht co mpounds in the system BaO-AI20 3-H 20 were determin ed. From t h e~e da ta and da ta take n from t he literature, t he heat of formation of the co mpounds at 25° C were calculated.
Introduction
The hy drated barium aluminaLes have been studied by several investigators in order to determine their solubility relationships (1 , 2, 3, 4],1 but there arc virtually no thermochemical data available on these compounds. The purpose of the present investigation is to determine the heats of formation of some of the barium a.luminates and barium aluminate hydraLes b.\· measuring the h eats of solu tion of these compounds in 2.00 N HCl. The following compo unds were s tudied:
BaO.A120 a, 3BaO.A120 :J, BaO.A120 a.HzO, BaO.AJzOa.2HzO, BaO .A120 3.4H20 , BaO.AlzOa.7H20 , 2BaO.AJzOa.5H20 , and 7BaO.6AI20 a·36H 20 .
. Experimental Procedure and Results

.1. Preparation of the Compounds
The two anhydrous barium aluminates were obtained by igniLing appropriate mixtures of BaC03 and AJ20 3.3H 20 (gibbsite) at 1,400° C Lo obtain BaO.A120 3 and at 1,300° C to obtain 3BaO.AJzOa. The hydrates B aO.A120 3.1120 and BaO.Alz0 3.2H20 were prepared hyd ro thermally; BaO .AI20 3.4H20was prepared by allowing BaO.Alz0 3.7HzO Lo stand in contact with an aqueous barium aluminaLe solution; 7BaO.6AJ20 3.36HzO and BaO.Ab03.7HzO were prepared by pl'Ccipitation from a supersaturated aqueous solu tion of Ba (OH)z and BaO.Alz0 3; and 2BaO.A120 3.5FfzO was prepared by boiling gibbsite in a Ba (OH)z solution. Full details of the preparation of these compo unds have been presented elsewhere [3 , 4] .
The compounds were stored in glass jars for varying lengths of time prior to this investigation. The composition of each had been established by chemical analysis and petrographic examination, and it was assumed that no significant changes had occurred. The un certainty in the composition of the coml)Ounds was estimated to be of the order of 1 percent.
Heat of Solution of the Compounds
The h eats of solution of 2-gram samples of each compound in 640 grams of 2.00 N hydro chloric acid were determined in an isothermally jacketed calorimeter [5] . Solution was complete except in th e cases of BaO.AJz0 3.H20 and BaO.A120 3.2H20 where about 1 and 0.1 percent, respectively, of insoluble residue remained. An analysis of these residues indicated that they were un com bincd gibbsite, 1 Figures in brack ets ind icate the li teratu re r cferen ces at the end of tb is paper.
They were considered impurities, and the sample weights were correc ted accorcl ingl.\' . The initial calorimeter temperature was so chosen in each case that th e final temperaturC' would be approximately 25° C , the temperature of the bath. Th e beat-ofsolu tion data (see table 1) are the calculated isothermal heats of solution at 25° C. It ma \' be noted that the he ats of solution per gram of the two anh.nlrous co mpounds are higher than that of any of the b.nlrates, and that in t be series BaO .AJ20 3.I-I zO, BaO.Alz0 3.2HzO, BaO.Alz0 3.4H20 , and BaO.Alz0 3.
7I-I20 , the h eat of solution decreases as lh e percen tage of combined water in the compound increases. 
.3 . Heats of Formation
Th e heats of formation of these barium a lu minates may be calculated from their hea ts of solution and th e beats of solution of BaO and A120 3 in th e acid used. The heats of solution of these two oxid es in 2.00 N hydrochloric acid were calculated, because gibbsit.e dissolves very slowly at 25° C and BaO is difficult to prepare.
Thorvaldsen, Brown, and PeakeI' [6] calculated the hea t of solution of Alz03 in HOI, 200 H 20 . Their method is applied in th e prese nt work except that more recent data (7, 8] are used. Th e h eat of solution of Alz03 (c, a ) in HOI, 26.61 2 H 20 is obtain ed as follows:
Alz03(c,a) = 2Al (c)+3/202 (g) + 399.09 kcal [7] 3H2 (g) + 3/2 Oz(g)=3H zO(l) -204 .95 lecal [7] 3H20(l)+2AIC13, 38.21 H 20 = 2 (AlC13,
The sum of the above four equations gives eq 5:
!:lHIO was assumed to be negligible ; consequently, the value of !:lHll is the same as that of !:lH9' When the equations describing the solutions of the compounds are subtracted from the sum of th e equations describing the solution of the oxides, equations arc obtained from which the heat of reaction of the constitu ent oxides may be deduced. The heats of formaLion of the compounds may be calcula ted from the heats of reaction of their constituent oxides, using th eir known heats of formation.
The calculation of the heat of formation of BaO.Al203 is presented in detail to illustrate the method. The three equations that represent the solution of the constituent oxides and the compound A120 3(c,a) + The value of !:lH7 was found to be -2.96 kcal.
The heat-of-formation data for aqueous HCl [7] solu tions were plotted against the square roots of their corresponding molalities, and from the resulting curve the value of !:lHs was estimated to be + 2.78 kcal. In each case, !:lH represents the heat effect of the equation as written.
The value of !:lH6, which is the sum of !:lH 5 In an exactly analogous manner, the heat of for-mation of 3BaO.Al20 3 from its constituen.t oxides, as represented by eq 17, may be calculated.
3BaO(c) + A120 3(c,a) = 3BaO.Ab03(C) 6H17 = -44.05 k cal (17 )
The procedure for calculaLing the h eats of formation of the hydrates is the same, except that the water of h ydration must be considered. The calculations for BaO. The sum of these four equations may be separated into the followin g two equaLions:
BaO ( where eq 20 is Lhe desired equaLion and eq 21 may be broken down into components whose h eat effects may be separately determined as follows:
16l.5 (HCI, 26.61HzO)+BaClz, 54.23H20 = BaC12, 16l.5HCI, 4298H20 Mlzz = + 0.074 lecal (22) BaClz, 161.5HCl, 4298HzO + 2(AICb, 8l.34HzO) =, BaClz, 2AICb, 16l.5HCl, 4516H20 MI23 = + 0.188 kcal
The values of D.H6 and 6Hll have been shown to be -59.95 and -64 .28 lecal, respectively, and the value of 6H18 was determined experimentally to be + 9l.02 kcal. An attempt was made to determine the value of 6H19 experimentally, but its magnitude was so small that it co uld not be measured with any degree of certainLy with the available apparatus, and is therefore assumed to be zero. The sum of 6H6, D.Hu , 6H1S, and 6H19 was then calculated to b e -34.89 k eal. The values of 6Hzz and 6H23 were determined by the authors to be + 0.074 and + 0 .188 kcal, respectively. Adding these to the previous sum gives a value of -32.95 kcal for D.Hzo.
In an analogous manner the h(,3 ts of formation For each of these compounds, a group of eq uations was wrilten, and appropriate dilution experiments w('re performed . This work required some 17 additional eq uations of Lhe type already shown. These eq uations differed slightly from those al ready gi Ten beca use thc h eaLs of solu tion were all drLermined usin g 2-gl'am samples and a fixed amount, 640 g, of 2.00 N HCl. It was felt Lhat Lhese equations and calcula tions need not be shown in detail. It was found to b e unnecessary to perform each dilu tion because of the narrow range of the h eat effe cts. Accord ingly, the valucs presented in table 2 were plotted and the desired l)eats of dilution detmmincd by interpolation. From the lmown heats of formation of th e constituent oxides , the h eats of formation from their constit-uent elements of these barium alumi.nates were calculated and are shown in tablr l.
The authors' value of the heat of formation of BaO.Alz0 3 differs widely from that of Avgustinik 970822-52-2
1
and Mchedlov-P etrossian [11] , who calculated t,h eir value from the pressure developed by heating an equimolar mixt ure of BaS04 an d Alz0 3. These investigators, however, did no t identify the products of their reaction, and in a subsequ E'nt investigation [12] in which one of them analyzed the products formed by igniting BaS04 and Ab03 in the appropriate stoichiometric ratio, he was unable to produce BaO.Alz0 3. Grube and Heintz [13] have calculated the h eat of formation of 2BaO.Al20 3 from BaO.Alz0 3 and BaO to b e -2.11 kcal/mole. The existe nce of 2BaO.Al20 3. however , is no t accepted by many investigators, and the present authors made no measurements with samples of that stoichiom etric composition .
. Summary
The h eats of solution in 2.00 N hydrochloric acid of eight compounds in the system BaO-AlzOa-H 20 were determined in an isothermall)T jacketed calorimeter. The h eats of solution of t wo anhydrous compounds were found to be high er than those of the hydrates . In a series of hydrates that differ only in the amount of water of hydration, the heat of solution decreases as the percentage of combined water increases. The heats of formation of these barium aluminates were calcula ted from their heats of solution , th e heats of solution of BaO and Alz0 3 in the acid used, and from data available in the literature. From the data presented , the hea ts of h ydration of sever al barium aluminate h ydrates may be readily calculated.
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